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HEXADECANE-INDUCED HYPERKERATINIZATION OF
GUINEA PIG SKIN
IV. A CoMPuusoN OF FREE AMINO ACID LEVELS nc Nomw
AND HYPERKERATOTIC EPIDERMIS*
J. D. ROSSMILLER, M.Sc., PH.D. wi W. G. HOEKSTRA, M.Sc., PH.D.
Kirk and Hoekstra (1) reported that the
water-binding capacity of hyperkeratotic guinea
pig epidermis (produced by the topical applica-
tion of n-hexadecane) (2) was substantially low-
ered from that of normal epidermis. This change
was brought about primarily by a decrease in
the level of water-soluble, dialyzable substances
in the hyperkeratotic tissue.
Since the free amino acids constitute the
largest portion of the water-soluble, dialyzable
fraction of the epidermis (3), it was reasoned
that changes in the water-binding capacity in
the hyperkeratotic tissue might be a reflection
of similar changes in the levels of epidermal free
amino acids. Consequently experiments were
conducted comparing the free amino acid com-
position of normal and hexadecane-treated, hy-
perkeratotic guinea pig epidermis. The results
of these experiments are reported herein.
METHODS
Male albino (400-600 gin) guinea pigs, main-
tained on Purina Guinea Pig Chow and distilled wa-
ter, were used in all experiments. On day one of the
experimental period the hair was clipped from the
animals. One milliliter of n-hexadecane was applied
by streaking with a fine-tipped pipette to 50 cm2 of
skin area on the right side of each animal on days 1,
3, and 5. At the time of maximum epidermal thick-
ening (9—11 days post-treatment) the hair was again
clipped, the guinea pigs killed, and samples of nor-
mal and treated skin removed. The skin samples
were chilled immediately and kept at 0—3° C. dur-
ing subsequent procedures. Epidermal tissue was
separated from the corium by the stretch method
(4).
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In one experiment the hyperkeratotic epidermis
was separated into cornifled and non-cornified tis-
sue. This was accomplished by carefully pealing
the highly keratinized stratum corneum of 12 day
post-treatment skin from the vital epidermal layers.
The non-cornifled epidermal tissue thus exposed
was then scraped from the underlying corium.
Extraction procedures and chromatography: 1 to
2 gm of finely divided epidermal tissue was shaken
with 25 volumes of toluene-saturated deionized wa-
ter in the cold for 24 hours. The tissue suspension
was then centrifuged for 15 minutes at 15,000 X g
(Serval RC-2, SS-34 rotor, 20 C.). The supernatant
liquid was decanted, filtered through sintered glass
and stored at —25°C. The insoluble residue was
twice re-extracted. The three tissue extracts were
combined, concentrated by lyophilization and then
dialyzed 6 times against 3 volumes of deionized
water to separate the amino acids from the water-
soluble protein. The combined dialysate was lyo-
philized, and the residue dissolved in 0.02 N hydro-
chloric acid and transferred to a volumetric flask.
Duplicate aliquots were taken for nitrogen deter-
mination (Kjeldahl procedure). An aliquot of this
dialyzable tissue extract was diluted with pH 2.2
buffer (5) to obtain the desired amino acid concen-
tration and amino acid analysis was carried out on
this preparation using a Beckman/Spinco model
120 amino acid analyzer according to the procedures
of Spackman (5).
Tests of statistical significance were made using
the unpaired t test according to the procedures of
Steele and Torrie (6).
RESULTS
Topical application of n-hexadecane produced
the typical hypertrophic and hyperkeratotie re-
sponse described by Hoekstra and Phillips (2).
Approximately a 10-fold increase in epidermal
dry weight per area of skin surface was observed
(50 mg/cm2 vs. 4—5 mg/cm2).
Hyperkeratotic epidermal tissue, as compared
to normal epidermal tissue, contained signifi-
cantly (p < 0.01) lower amounts of water-
soluble dialyzable, nitrogenous substances (Ta-
ble I). Both cornified and non-cornified layers of
the hyperkeratotic epidermis (Table I) con-
tained lesser amounts of water-soluble, dialyza-
ble, nitrogenous components than did normal
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TABLE I
Water-soluble, dialyzable, nitrogenous material (as
mg Kjeldahl nitrogen) extracted from normal and
hexadecane-treated, hyperkeratotic guinea pig
epidermi8
mg nitrogen/g dry tissue
Normal Hyperkeratotic
Unfractionated
Cornified
Non-cornified
31 3*
—
—
11 2*
8.6, 9.7t
14.2, 20.5f
5 composite samples (3—4* Mean S.E. of
animals per composite).
t Individual determinations.
whole epidermis; however, the cornified tissue
contained the least water-soluble, dialyzable
nitrogen.
The development of hyperkeratosis markedly
influenced both the size and relative composition
of the epidermal free amino acid pool (Table II
and Fig. 1). Those amino acids showing no sig-
nificant change in concentration in hyperkera-
totic vs. normal epidermis are on the left side
of Figure 1 and those decreasing in concentra-
tion in hyperkeratotic epidermis are on the right.
The amino acids appear to divide into the two
groups according to their dietary essentiality.
Whereas the tissue concentrations of the dietary
non-essential amino acids, as well as ammonia
and urea were significantly lower (p < 0.01—
0.05) in the hyperkeratotic tissue than in the
normal tissue, no significant (p > 0.05) differ-
ence was found in the tissue concentrations of
the essential amino acids. Arginine and histidine
are included in the non-essential group; some
synthesis of these amino acids occurs in the body
and they do not appear to be required in the
diet of the adult guinea pig (7). Concentrations
of the dietary non-essential amino acids were
usually 2—3 fold higher in the control epidermis
than in the hyperkeratotic epidermis. The 3-fold
difference found in the tissue proline level was
not statistically significant because of the wide
variation between determinations. Cystine and
tryptophan were present in only trace amounts
in all of the samples with no apparent diference
between the two types of epidermal tissue.
The amino acid concentrations found for nor-
mal epidermis are in good agreement with those
reported by Tabachnick and Weiss (8).
It was reported in a preliminary communica-
tion (9) that the decrease in free amino acids in
hexadecane-treated skin was confined to reduc-
tions in the levels of arginine and its metabolites,
ornithine and citrulline. It is apparent from the
present study that although these amino acids
did decrease markedly in the hexadecane-treated
skin, the decrease was just as pronounced for
other dietary non-essential amino acids (i.e.,
serine, glycine, etc.).
TABLE II
Free amino acids and related metabolites of normal
and hexadecane-treated, hyperkeratotic guinea
pig epidermis expre8sed as micromoles per gram
of dry tissue
pmoles/g
Normal
Aspartic acid (*)
Serine (**)
Asparagine-glutamine
(**)
Glutamic acid (**)
Proline (ns)
Citrulline (**)
Glycine (**)
Alanine (**)
Ornithine (**)
Histidine (*)
Arginine (*)
Lysine (ns)
Threonine (as)
Valine (ns)
Methionine (ns)
Isoleucine (ns)
Leucine (as)
Tyrosine (ns)
Phenylalanine (ns)
Cystine (ns)
Tryptophan (ns)
13 1"
198 20
24 3
35 4
50 18
83 9
138 12
91 9
78 7
18 1
25 3
13 1
7 1
15 2
7 1
5 1
13 2
7 1
8 1
trace —
trace —
10 jb
73 14
11 1
17 3
15 6
30 4
52 10
41 5
24 4
10 2
16 3
16 2
10 1
13 2
5 1
8 1
16 2
8 1
8 1
trace —
trace —
Total
Ammonia (**)
Urea (**)
793
85 18
92 10
366
26 7
30 6
Mean S .E. of determinations on 5 composite
samples (3—4 animals each).
b Mean S .E. of determinations on 4 composite
samples (3—4 animals each).
Statistical significance of differences between
means was determined by the use of the unpaired
t test (6). (**) = (p < .01); (*) = (p < .05);(as) = not sig. (p> .05).
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Fia. 1. Free amino acids and related metabolites of normal and hexadecane-treated, hyper-
keratotic guinea pig epidermis expressed as micromoles per gram of dry tissue.
Open bars control
Solid bars = treated
Cornifled and non-cornifled portions of hyper-
keratotic epidermis are compared with respect
to their concentrations of ninhydrin-positive,
water-soluble, dialyzable substances in Table
III. The free amino acid compositions of the two
portions were generally similar and were com-
parable to those of the unfractionated hyper-
keratotic epidermis. In non-cornifled tissue
higher concentrations of glutamine, asparagine,
glutamic acid, and urea and lower levels of am-
monia are possibly a reflection of a more active
amino nitrogen metabolism in the non-cornifled
tissue. Also noteworthy is the detection of meas-
urable quantities of taurine, ethanolamine, and
phosphoethanolamine in the non-comified por-
tion of the epidermis.
DISCUSSION
The precise mechanisms involved in the ac-
cumulation and regulation of tissue free amino
acids have not been determined (10, 11). It is
known, however, that the tissue free amino acid
pools do not necessarily reflect the composition
of the serum amino acids but are rather charac-
teristic for a given tissue and species (10).
Roberts has suggested that the amino acid pat-
tern for a given tissue is a reflection of the par-
ticular enzymatic activity within that tissue and
that the tissue level of each amino acid is con-
trolled by an individual servo-mechanism (10).
Amino acid levels are generally elevated in
rapidly proliferating tissues such as regenerating
liver (10), drug-induced, hyperplastic epidermis
(10) and post-irradiation epidermal tissue (8).
In the case of psoriasis, however, the epidermal
scales from the hyperplastic lesions contain
lower than normal amounts of free amino acids
(3, 12). Ryan reported that topical application
of hydrocortisone to rats produced a significant
reduction in the levels of certain amino acids
within the epidermis independent of any effect
on the plasma amino acid levels (13).
The reduction in the level of water-soluble,
dialyzable, ninhydrin-positive materials in the
S..
'I,
-J
4
3
SER OW ASP— PRO CIT
IMSIX ALA [111NH3 UREA
FREE AMINO ACIDS IN GUINEA PIG EPIDERMIS 47
hyperkeratotic epidermis as reported in this
paper is of particular interest because of the
changes in the relative amino acid composition
of this fraction. The fact that the concentrations
of the nutritionally essential amino acids re-
mained essentially unchanged during the devel-
opment of hyperkeratosis while the concentra-
tions of some of the non-essential amino acids
decreased to as little as one-third the normal
levels, suggests that the tissue levels of these
two classes of metabolites may be regulated by
separate control mechanisms. It also indicates
that the decrease in free amino acids in hyper-
keratotic tissue is not solely a result of an in-
creased rate of utilization of amino acids for
protein synthesis without a compensating in-
crease in the supply of these metabolites to the
tissue. The increase in the vascularity of the
dermal tissue underlying the hexadecane treated
area (2) and the reduction in the levels of urea
and ammonia (see Figure 1) indicate instead
that the exchange of metabolites between the
epidermis and blood stream may be increased
during hexadeeane-induced hyperkeratosis.
With minor exceptions the composition of the
free amino acid pool of the cornified portion of
hyperkeratotie epidermis was found to be similar
to that of the non-cornified portion (see Table
III). This indicated that the free amino acids
in the cornified tissue did not arise primarily
from hydrolysis of epidermal proteins, as has
sometimes been suggested (3, 14), but rather
constitute a portion of a common epidermal free
amino acid pool. Further evidence on this point
is provided by the fact that the composition of
the epidermal free amino acid pool is considera-
bly different than the amino acid composition of
the epidermal proteins. For these reasons, it ap-
pears that tissue protein hydrolysis plays a mini-
mal role in determination of epidermal free
amino acid levels.
The reduction in the levels of the dietary non-
essential amino acids in hyperkeratotic epider-
mis must therefore result either from decreases
in the rates of synthesis of these compounds or
alternatively from increases in the rates of their
catabolism within the epidermal tissue. While at
this point the later alternative seems more likely
(it is known for instance, that the activity of
epidermal arginase increases markedly in hexa-
decane-induced hyperkeratosis (15)) a further
study of the amino acid metabolizing capacity of
TABLE III
Free amino acids and related metabolites of the
cornified and non-cornified portions of hexade-
cane-treated, hypericeratotic guinea pig epidermis
expressed as micromoles per gram dry tissue
pnioles/g
Cornified c?d
Aspartic acid 10* 12*
Serine 63 78
Asparagine-glutainine 6 36
Glutamic acid 13 26
Proline 19 20
Citrulline 29 30
Glycine 46 60
Alanine 36 45
Ornithine 18 11
Histidine 9 13
Arginine 15 19
Lysine 20 14
Threonine 10 9
Valine 12 11
Methionine 6 4
Isoleucine 9 7
Leucine 18 12
Tyrosine 8 6
Phenylalanine 8 7
Cystine trace trace
Ammonia 40 13
Urea 19 32
Taurine trace 7
Ethanolamine trace 5
Phosphoethanolamine trace 5
Total 414 480
* Single determinations on composite samples
from two animals.
normal and hyperkeratotic epidermis would be
needed to verify this contention.
SUMMARY
Hyperkeratotic epidermis, produced by the
topical application of n-hexadecane, contained
only one-third of the normal level of water-solu-
ble, clialyzable nitrogenous materials. This loss
in water-soluble nitrogen was in part accounted
for by reductions in the concentration of the
nutritionally non-essential amino acids, urea,
and ammonia to as little as one-third of the
normal levels. The concentrations of the nutri-
tionally essential amino acids remained essen-
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tinily unchanged. With minor exceptions the
concentrations of free amino acids in the corni-
fled and non-cornified portions of hyperkeratotic
epidermis were similar.
The data presented indicated that the reduc-
tions in the levels of tissue free amino acids in
hyperkeratotic epidermis were related to changes
in the rate of metabolism of these substances
within the epidermis rather than to a reduced
level of tissue proteolysis or to a reduction in
the rate of transfer of these metabolites from
the blood stream to the epidermis.
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